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T he effective description

EWSB in terms of an effective lagrangian L

e Spontaneous breaking G — H

e Gauge group Gy = SUB)®RSU(2) U (1)y
Gw included in G

Strategy:

- Write the most general Yukawa couplings in-
variant under Gy,

- Compute the effective potential V. includ-
ing Yukawa and gauge interactions

- Cut off the theory at some scale A ~ few TeV

This procedure allows for an estimate of the
mass spectrum of the PNGB deriving from the
SB.






We will discuss the specific example of

G=S5U(8);,®SUB)r > H=SU(8)y

This is the breaking occurring, for instance, in
TC theories with T-fermions 1" = (U;, D;, N, E),
i=1,2,3¢€ SU(3)c. The quantum numbers of
the PNGB's are easily seen from the product
TRT

[(3,2) & (1,2)]® [(3,2) & (1,2)] =

=(1,1) 8 (1,3)® (1,3) (#7 colorless PNGB's)

®(8,1) & (8,3) (#32 color octect PNGB's)

®(3,1)P(3,1)® (3,3) ® (3,3)

(#24 color triplet and antitriplet PNGB’s)

More detailed properties:



Table of PNGB

The 63 Goldstone bosons with their guantum numbers
and transformation properties under SU(2); and SU(3).
(here Y = 2(Q — T3) is the hypercharge):

SU(2)r | SU(3). Q Y
T (77) 1
7 (77) 3 1 (1) -1 0
w3 (73) o)
™D 1 1 0 0
— 1 3 0 0
7r‘8)‘+ 1
g 3 8 -1 0
a3
g 0
Py (P§Y) 1 3 (3 | 3(-3)
P (P3) 13631563
Pyt (P57) 3 3@) | —3 (g)
P35 (P5") 3 (=3

We will concentrate on color singlet PNGB's:
(1, (1,3)®(1,3) = np, ma, Ta, a =1,2,3
e, absorbed by W and Z.

Physical colorless PNGB: np, 73, 7+.



The effective Lagrangian

e Gauge Lagrangian

The low energy effective lagrangian will contain interac-
tion terms among the PNGB’s and the ordinary gauge
bosons, collected in £, (Chada and Peskin, 1981):

2
Ly, = :—6T'r (D, U'D,U)

where

2'TSS
U:exp< ‘ 77)

v

with v = 246 GeV. T% (s = 1,...,63) are the SU(8)
generators.
‘The covariant derivative D,U is given by

DU = 8,U + AU — UB,

where
A, = igT“Wﬁ + ig’—BM + 2= Tg f,f
V3 V2
Bu — z'g/T3BM ig’—BM P Tg‘Gle
+ /3 + \/_E

Wt (a=1,2,3), Byand G§; (o« = 1,---,8), are the gauge
vector fields related to the gauge group Gy .



e Yukawa Lagrangian (R.C. et al., 1992)

In order to write the Yukawa couplings between the
Goldstone bosons and the ordinary fermions we decom-
pose the matrix U according to

ij

The most general Yukawa

U

Uk

i,
U
Uev

Uk
Uge
Uve
Uece

t,7,k=1,2,3

coupling invariant with re-

spect to Gy for the third family and for the muons
(relevant for muon colliders) is given by

Ly= — my (PRUJ% + TRULTY], ) — mo (B U“jtﬂ' +BRULY] )
—  mq (TRU} Ve + FRUCLTL) —m{ (ErUSvur + BrULpr)

— ms <tRUTJJtz

— My (tR

o A* 0 tr \|
— may [ErRAY (UL, Uchru)(O Aa)(bi)

o AY 0 tr |
— maz |brA* (U], UJd)(Q )\O‘)(bL)_

BaULbL) —me (‘Z‘RUJ:% + BRUj L)

AL+ TRULLL) — mo (BRU/t, + BRULYY)
— mio (7_-RUJ:CYZJVTL + TRU;‘;]TL)

— mﬁo) (ﬁRUJz{]VuL + ﬁRU:lrfljliL)

+ -+ he

The magnitudes of the Yukawa couplings are naturally
set by the scale of the corresponding fermionic masses.



e In a multiscale technicolor model, the above
would be generalized by writing L4 and Ly
as a sum of terms with different v; (v; < v).

Expanding U to first order in 1/v, we get the
relevant terms for the colorless neutral fields

. . pO/
Ui ~ 59 1+ \F ]
. _pO
Udd ~ 57/'] 1 — _\/6?] _I_ . o .
v

U]/y g 1_1\/6PO/] _I_
| (%

Uee ~ _1 +3\/6PO] +
| (¥

with
p0O_T=TD L0/ _ T3 T D
V2 V2

or (in a TC realization)

1 L 1 _
PY=-——-_BEE-DD) PY=-—_-_(UU-3NN)

V12 V12
which are purely T3 = —1/2 and 13 = +1/2

weak isospin states.



From the O(1) terms in the expansion of Ly we easily
recover the expressions for the fermion masses

mtzmll—l—m7 mbzm’2+m9

m; = mg4 + 3mig my = mf) + 3m%)

my, = my, = 0
where

16 16
m’ = m1 + 3ms + — m5 = mo + 3me + < M2

Evaluate one-loop effective potential

> _ AN @,,2) = AN\

_ / _
Mmpo = — 2(277127719 + 2mamig + 2m,; " myy ) = ——5P8
20 20
. 4N? ., 4N?
Mpor =— mimy = pP7
292 292

N\ is the UV cut-off, situated in the TeV region.

The colored PNGB get masses generally higher (from
QCD contribution =~ gsA\)
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A few comments are in order

e PO and PO’ masses do not receive contri-
butions from gauge interactions

® M po gets contribution only from terms in-
volving b, 7 and pu

e mpo, gets contribution only from terms in-
volving top

e no PY — PO’ mixing

e A very crucial point: P9 and PY’ are the
mass eigenstates and not the isosinglet mp
and the isotriplet 73

Y

mpo << mPO/

The colorless charged states are also heavier
than PO since m?2,, = 5(m2%, 4+ mpo/?)

11



A general argument for understanding the mass
matrix in the colorless neutral sector is the fol-
lowing

e In the chiral limit SU(2); ® SU(2)p is unbro-
ken

e The mass operator breaking SU(2);®SU(2) g
must commute with the charge operator 73 =

T3, +13R
T hen

m? = A+ BK3 + CT5, K3=T3;,—Tsp

In the basis (73, 7mp)

> (A B
m=\B A

meaning that generically the mass eigenstates
are PY and P9’.

Notice that for the neutral states

> _ 42 _ 1
T3L_T3R—_T3LT3R—Z

1
0 = (T31, + T3R)? = 5 + 2131 13R

12



e PO couplings

The PP boson couples to the T35 = —1/2 component
of the fermion doublets (while P%’ couples to the T3 =
+1/2 component):

Ly = —iXpbysbP? — i\, TysTP° — i)\uﬁf)@uPO + -
with
V6

Ap = ——— (m/2 — 3m9) Ar = T (m4 — mlO)

Ay =

my "~ — Mqg

V6 ( (2) (2)>

The coefficients depend on the same m} combination
as the fermion masses

e The phenomenolgy of P° depends on 6 parameters
(4 neglecting the muon terms)
(2) (2)

/
Mo, M4, M9, M1i0, My, Mig

Since we have 3 fermionic masses (mp, ms,m,) and 3
Yukawa couplings involving different parameter combi-
nations we can determine all the Ly parameters for the
P% by measuring masses and widths. This would allow
to determine pg

AN2
v2p8

m]%o — 71'2

and therefore A via mpeo.
13



Since the parameters m; are expected of the
same order of the corresponding my We will
make a special choice as representative for this
study

ez / my
_ _mr (2) _ 2) _ My

The corresponding one-loop P9 and PP’ masses
are
2
2A? 5 5 2A% 5

m o — m M por — —(—/ /M
P 2,2 0 TpOr T D 27

= mpo ~ 9 GeV x A(TeV)
mpos ~ 310 GeV x A(TeV)

and the fermionic couplings
2
)\b: _mb, )\T:_ 6&, )‘H:_\/E@
(9

37 v
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e T he previous choice just as a first assess-
ment about the prospects of determining
directly from the experiments all the pa-
rameters m; for PO, as well as A

e Typically mpo//mpo ~ m¢/my. Then mpoy,
mp+ > M po

e The PNGB couple to pairs of SM gauge
pbosons via ABJ anomaly. The couplings
are model dependent. We will use the ones
obtained for the standard T C models

15



Apviv,

dPViVo — aNpo GApri\eﬁbpgeg
where for P = P° we have:
4 /4
4 (1—4s2, t
Apoy, = — w_ W) ~o0.11
v 2\/6 48WCW
4 (1 — 252 $2
A = W _ W\~ _041
pozz V6 ( 22, 3 >
1

with sy = sin by, etc..
e Notice the dominance of the v+ coupling with
respect to Zv and to ZZ
e The relevance of the mass eigenstate com-
position is shown by

A%OW : A%DW : A72r377 =8:1:9

2 . A2 c A2 — 1 - -
AZo,,  AZpgg  AZ, 0 =1:2:0

16



e How big is Npo? Difficult to say. In naive
TC there is the constraint from EW precision
measurements (Np number of TC-doublets)

N
S ~ 0.28Np—L¢
3
against

Sexp = —0.07(—0.09) + 0.11
M (GeV) = 100(300)

This would imply Npo as low as possible (to-
gether with Np). But this is the result of the
QCD-scaled TC which has a lot of other prob-
lems, as FCNC, the mass of the top (requiring
ANgrc too close to Ape). These problems are
currently solved by introducing things as walk-
ing TC and color-top assisted models. This
makes very difficult to get a realistic estimate
for S. For instance, the Weinberg sum rules
are violated in walking TC making unrealistic
the previous estimate.

17



o PO partial widths and BR’s

We will need

Am>2 :
— ™m »0
(PO = 1) = Opr oA (1— 2f>
T M50

0 ag 2 3
(P —gg) = 487T3v2NTCmPO
(PO _ 207 N2
( _>f7f7> - 277_‘_3/02 TCmPO

Cr = 1(3) for leptons(down-type quarks).
All results for Npo = 1,4 to show the Npo de-
pendence

10.0

50

(MeV)

Iy

1.0 ¢

05 |
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Total width in the few MeV range, similar to Higgs

Largest BR’s: bb, 777, gg

M(P° = g9)/T(H — gg) ~ 1.5N3

B(P° — 4y)/B(H — vv) =~ 4 for 50 < mpo(GeV) <
150 and Ny = 4. Much smaller for Ny = 1.

P° /h Ratios

[rP°—>ggBP°—>7’Y] / [rH—>99BH—>7’Y]

104

103

10%

10!

solid: [gg~P°>y7]/[gg~h~>77]
dots: [yy-P°->bb]/[y7-h-bb]

IIII| | IIIIIII| I AR [ TT
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e The PO discovery in the vy channel at a
hadron collider much easier than for the
Higgs, if Npo > 1. The same is true for
discovering PP in ~~ colliders. For Npo = 1
things about as for the Higgs

e T his depends again on the precise mass
eigenstate composition of P°. For ©p we
get reduction factors 8 and 8/3 for the ra-
tios g¢g — mp — vy and vy — mp — bb to
the Higgs

e The possibility of having large P9/H ra-
tios for the I' B products together with PO
being naturally light makes P9 a unique
particle!!

21



PO at LEP and LEP2

e At LEP the dominant production mode is Z — vP°

(Manohar and Randall, 1990)

2.3 2\ 3
o . @ mMmz .5 o Mpo
I_(Z — ’YP ) — —967T3U2NTCAPOZ’Y (1 — m%>

Requiring Z — vP% > 2 x 107°® GeV to make the
PO visible in a sample of 107 Z bosons, we get
the minimum Npo required as a function of mpe.
Nre 2 8 is required at mpo = 0, rising rapidly as
mpo iNCreases.

N for I(Z-vP%)=2x107° GeV
500\\\\‘\\\\‘\\\\‘\\\\‘\

100

20

NTC

5 I ‘ I ‘ I I ‘ T I ‘ T I
20 40 60 80 100

mpo (GeV)

@
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e LEP2 - g(ete™ — PY4) is dominated by
— 0
ete™ >~ > ~P (Apo.., larger than Apoy.).
For /s = 200 GeV and an angular cut
200 < 0, < 160° (to avoid F/B singular-
ities but still 91% efficient)

0(e+e_ o ’yPO) <1fb, Npo=24

With L = 0.5 fb~! PO not detectable at
LEP2 unless Npo is very large

23



PO at the Tevatron and the LHC

e Most important discovery mode both at the Teva-
tron and the LHC

gg — P° — v

Very robust, remember ratios to Higgs

104 T T T T | T T T T | T T T T |

solid: [gg~P°~77]/[gg~h~77]
3 L — _
10 dots: [yy-P°-bb]/[y7-h-bb]

10°

10!

P°/h Ratios

100

IIII| | IIIIIII| | AR [ TT

= IIII| T IIIIIII| T IIIIIII| T IIIIIII|

e Rate proportional to N(P° — ¢gg)B(P° — ~~). For
Nro = 4, factor =~ 10 w.r. to the Higgs for mpo =
12 GeV up to =~ 100 for mpo > 100 GeV and increas-
ing rapidly since B(H — ) declines for the opening
of H - WW, ZZ channels (P° — WW vanishes and
P° — ZZ is negligible). Signal rate decreases only
due to phase space

24



e Tevatron Runl

Tevatron, Runl
020 T T T T | T T T T | T T T T | T T T T

0.05 r
Vs =1.8 TeV

o(gg~P%)B(P°>7y) (pb)

No Cuts
0.02 Npe= 4
001 1 L L | L L L L | L L L L | L L L L
0 50 100 150 200
mpo (GeV)

o For L=100 fb~ 1, # events ~ 10 at mpo ~
40 GeV down to = 2 at mpo = 200 GeV'.
Further reduction from efficiencies and cuts.
A more accurate analysis shows that Runl
could, at best, exclude the possibility of a
light PO for Npo > 12

25



e Tevatron Runll

Tevatron, Runll

106 E T T T T | T T T T | T T T T | T T T T 3
- .
= E L=2 fb -
q-) ~ \ —
> - lcosd,[<0.5 ]
= 10t . B —
o - . Npe= 4 g
O : A :
g 103 -
Q - - :
& - S i
2 10° el
101 Il 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L
0 50 100 150 200
mpo (GeV)

e Sizeable rate for L=2 fb~! (but for Npo =
1, S < 1). The background shown is the
irreducible v~v. Reducible ~v5 and j55 requires
detailed detector simulation
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Tevatron, gg—>PO—>77
10'0 8 T T T T | T T T T | T T T T | T T T T

5.0

Vs =2 TeV

L=2 fb!

1.0 — —
- [cos0,[<0.5 .

NTC: 4

NSD

05 F

0'1 | | | | | | | | | | | | | | | | | | |
0 50 100 150 200

o The PV is detectable for mpo > 60 GeV
(Ngp > 3). A luminosity of about 30 fb~!
would allow a determination of M(P° —
gg)B(P® — ~~) of about 5 =~ 10%. At
low masses a serious study of the reducible
background needed. Again, if 7p is the
mass eigenstate, the process gg — mp — vy
much less enhanced. Poor prospectives for
the Tevatron Runll.
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e LHC

e Both ATLAS and CMS claim the possibility of dis-
covering the SM Higgs in gg - H — ~vvy. NO prob-
lems for PO at LHC even for Ny = 1. For Np¢c > 4
it is safe to assume that the discovery range is
50 < mpo(GeV) < 200. The background stud-
ies of the LHC collaborations are not available for
myg > 200 GeV, but we expect that the discov-
ery region can be extended beyond 200 GeV. For
mpo < 50 GeV limitations come from the irreducible
vy BG and in rejecting the reducible v3 and j55. We
estimate that for Ny = 4, mpo > 30 GeV is possi-
ble, but mpo < 20 GeV is a problem

e A detailed study of the case Ny = 1 shows that
for 70 < mpo(GeV) < 200, the PP is detectable at
LHC

e The statistical errors for gg — P° — v~ we get, are

NTC’ =4 — ~ 1%
NTC’ =1 > ~ 20%

e Another possible production channel is through T-
vectors as pr or wr in pp - VX — PTPOX, or
pp — VOX — PE*PTX. The rates are decent only
if the T-vector V is relatively low in mass, as in
walking T'C.

28



PO at future etTe— colliders
e'e »yX

:\ I I I I I I I ‘ I \7\ I ‘ I I I \:
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~ 1ol = N —

3 B BEREN :

. N T ]
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% 100 F— - j . —

o E o : =

b C 3

T o ]
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100
M, (GeV)

150 <00

o doere —opo/dmpo (SOlid curve), vbb (dotdash), yee (dashes),
vqq (small dashes), vrT7~ (dashdoubledots)

Dominant mode ete™ — P%. At TESLA, L=500
fb~!, we get about 2500 + 4500 events (ete™ —
Z PP is about 1%). For Npc = 1 only less than
30 events. For the following discussion Npo = 4.
The relevant BG’s are vbb, vce, vqq (¢ = u,d, s)and
vrT7r~. The corresponding ¢'s are integrated over
a bin of AMx = 10 GeV. Angular cuts have been
applied to signal and B’'s. Tagging and mistagging
have been included
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e'e —»yX

6 T T T T ‘ [ ‘ [

Vs =500 CeV
=100 fb !
AMy=10 GeV
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O
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e Notice that S/v/B is not as good as for the
SM Higgs in the ZH mode, since P° —
Z 7 only through the ABJ anomaly. The
discovery regions are (S/v/B > 3) for L =
100 (500) fb—1

75(80) GeV
130(100) GeV

AVARVA
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e'e —»yX
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e After discovery one can extract ratios of
BR's via the rates with the fractional ac-
curacy shown in Figure. The only reason-
able channel is bb with an error > 15% for

L=500 fb— 1.
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e A model independent determination of the absolute
BR's B(P° — F) (F any final state) would be pos-
sible through the ratio of the rate P° — F to the
inclusive rate

o(ete” - yP°)B(P° — F)
o(ete — vPO)

Crucial the detection of PP inclusively as a peak
in the recoil spectrum. Resolution fixed by the E,
resolution. For

AE, 0.12
= ¢ 0.01
E, E,(GeV)
we get = =10 mass windows

(0,78), (83.5,114), (193,207)

B(P° —» F) =

or, for
AE, 0.08
E, B (GeV)
we get = +10 mass windows

(36,69), (91,108), (196,204)

with mpo(GeV) = 55, 100 and 200 respectively.
Knhowing mpo in advance one can choose the ap-
propriate window and estimate the BG’s, but the
errors will be large.

@ 0.005

The conclusion is that at an eTe~ collider will be very
difficult to get more than a very rough determination of
the parameters entering in the effective lagrangian, for
Nrc = 4. For Ny = 1 one would need more than 500
fb—! even for detecting PO.
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Results at future ~~

By folding the cross section for the PY produc-
tion at a given energy Ey~ of a vy collider with
the differential luminosity (Gunion and Haber, 1993)

8rl (PO — 4y)B(P° — X)

N(yvy — P° - X) = 5
mPOE€+€_

% tan~—1 Ir_?cjﬁ (1 + </\>\’>) G(yo)L +,-
PO

where yo = mpo/E_ 4+, X and X are the helic-

ities of the colliding photons, [Nexp is the mass

interval accepted in the final state. The func-

tion G(y) is defined by

ALy
dy

G(y) and (A)\) are obtained after convoluting
over the possible energies and polarizations of
the colliding photons that yeld a fixed value
of y. For initial discovery one chooses a setup
with initial laser circular polarizations and ete™
helicities for a broad spectrum (2AcP. = +1).
One has G(yg) =1 and (AN) ~ 0.8.

= G(y)Le+e_
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vy Collider Rates
Ler=20fb ™", 2,=0.85, (A\\')=0.8, T',,,=5 GeV

4 T T T T T T T T T T T T T T T T
N | | | ]
- Total P° ]
103 & -0 RRREE—
n - ]
() - _
4+ L _
©
e i ]
10— B
- Npg= 4 AR i
i e yy->bb i
101 | | | | | | | | | | | | | | | | | | |
0 50 100 150 200
mpo (GeV)

Angular cut |cosf| < z0. Lepr = G(yo)Lete . Also shown
the irreducible vy — bb BG.

e Thelarge value of M(P° — vv)B(P° — bb) compared
to the Higgs case implies very good rates. We stress
once more the relevance of the composition of the
mass eigenstate, for nmp rates down by a factor 8.
Good values of S/v/B, from 8 for mpo &~ 20 GeV to
200 for mpo &~ 200 GeV. Even for Nyc = 1, the P°
will be detectable for mpo > 60 GeV'.
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¥y - bb Signal
Ley=20b ™!, 2,=0.85, (\N')=0.8, T, =5 GeV

10%

T IIIIIII|
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101

S/VB

109
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10—1 | | | | | | | | | | | | | | | | | | |
0 50 100 150 200
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e Once discovered it would be possible to measure
the rate M(P° — ~4)B(P° — bb) with a very high
statistical accuracy. For mpo ~ 100 GeV we get
~ 1.5%. The systematic will dominate this error.
For Nrc = 1 we get ~ 5%. Going down to mpo =
20 GeV we get ~ 10% for Nyc = 4

o Other channels? vy — P° — rtr—, gg have large
event rates, but
— BG too large for the gg final state
— BG not large for v+~ but not a sharp peak

However, optimization of the set-up knowing al-
ready mpo could make it possible.
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o vv — PO — ~~ event rate is &~ 20(50) at
mpo ~ 100 GeV(200) with possible im-
provements through optimization. Irreducible
BG probably small except for jets faking
photons (detailed study needed). For Npo =
1 things more difficult. The relevance is
the possibility of measuring I’tot To do
that

— Rate for vy — PO — ~y

F(P0 = )P

r(P? = yMB(P° = yy) = ot

— Rate for vy — PO — bb proportional to
(PO — 4y)B(P° — bb)

— If B(PY — bb) known from ete~ (but we
saw very difficult) then extract IM(P° —
vy) from bb and then get M5
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Using NLC to fix the effective low energy
parameters for P°?

The available well-measured quantities from the LHC
and the ~~ colliders would be

o M(P° — gg)B(P® — ~v) from the LHC

o N(P° = vy)B(P° — bb, 777 ,vv) from the vy col-
lider

The dependence of the measured quantities on the pa-
rameters is

F(P° — gg)I (P° = v7) o< Njc/v*
M(PO — yy)[(P° — bb) oc N2o/v2x[4mb — 3my)?/v?
F(P° = )M (P° = 7777) N%C/’UQX[%TI’IA — %mT]Q/v2
F(P° = 4N (P = 7)o Ni¢/v*

To get the actual rates one has to divide by M, de-

pending on the same parameters if gg, 777~ and bb final
states dominate the PP decays. Determine

o NTc/’U
o |4m} — 3my|/v
o |%m4 — %mT|/v

One can check consistency of rates gg — v~ relative to
vy — vy to verify anomalous coupling ratios.

Up to a discrete set of ambiguities it is possible to fix
these 3 parameters. Then, use

/
mp = my + mg, Mm; = ma4 + 3Mmig
to fix mg and myg.
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This allows the determination of the Yukawa
couplings of PO to b and 7

NG

Ap = e (m5 — 3mg)
U
V6

Ar = 7(m4—3m10)

If, as likely, (mbh, mo), (ma,m10) and (m2, m{2))

are related respectively to my, m+ and my,, we
can approximate

2 2
pg = 2mbmg + 2mamig + 2m§L )mgo)

~  2mhmg + 2mamig

and from m po

AN?
mpo — P
po — 2,2F8

obtain A. At the same time from Npqo/v we
can extract Npo. This assumes v = 246 GeV'.
In multi-scale T C theories things could be dif-
ferent, in that case one extracts only A/v" and
N7 /v'. The coupling of PO to the i may even-
tually be determined at a future muon collider.
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s — channel P° production at uTu~

e The PP? has a sizeable pTu~ coupling (not the PY9)

e The muon collider has the ability to achieve a very

narrow Gaussian spread, o ;5 ~ 1 MeV (0.03%3%) (50‘/§ev)

One can achieve R = 0.003% beam energy resolu-
tion with reasonable luminosity (Lyeqr(@100 GeV) =

0.1 fb~1).

e Good measurements of rates pTu~ — P° — bb, 7T77, gg
and %t

In conclusion
o MO from the muon collider
o M(P° — gg)B(P° — ~vv) from the LHC
o M(P° — vy)B(P° — bb) from the vy

o M(P° = utp )B(P®° - F) for F =bb, 777, gg from
the muon collider

determine the number of technicolors of the theory and
(up to a discrete set of ambiguities) the fundamental
parameters of the low-energy effective Lagrangian de-
scribing the Yukawa couplings of the P9, as discussed
for the NLC.
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Conclusions
Theory

e Getting the eigenstate right is crucial

e The P9 eigenstate is very special.
Since its mass o« my, it is much lighter than all
the other PNGB'’s; all others bring in m; into mass
formula

e Only a few partial widths of P9 are important and
they are expressed in terms of a relatively small set
of parameters of the effective lagrangian

Experiment

e No limits on P° from LEP or LEP2 or Tevatron
Runl

e Tevatron RunlIl has quite a chance for finding P°
(mpo > 60 GeV)

e LHC will almost certainly discover the P9, but prob-
lems with very low mpo

e Poor accuracy anticipated for normal ete™ — ~P°
measurements at NLC means that vy mode will be
crucial. Only clear alternative would be a muon
collider.

In either case we will get mass indications from LHC

e vy mode must measure as many final states as pos-
sible. Certainly bb and 777~ are required. vy would
be very useful
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o If vv — vy measurement can be done with good
accuracy it will allow a stand-alone analysis of the
low-energy parameters of the P°

e The LHC gg — vy measurements can provide a sub-
stitute or a cross check

e With the above measurements, many interesting
parameters of the theory can be determined
— Unambiguous determination of Nr¢/v and A/v

— Effective Yukawa Lagrangian parameters (in units
of v) in down-quark/lepton sector, barring a dis-
crete set of ambiguities
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